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DVR is power electronic based device used for mitigation of voltage sag 
problem. In this paper, various inverter topologies such as Voltage source 
inverter, Z source inverter and Embedded Z source inverter are used and 
compared for operation of DVR. Here dual p-q theory is implemented as 
control technique which have excellent transient response and speed. 
Different inverter configurations are implemented for DVR and its 
simulation results are presented and compared. It has been observed that 
Embedded EZ source inverter topology is found to be effective. The 
Embedded EZ source inverter topology and its hardware results are presented 
and compared. 
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1. INTRODUCTION 

Voltage sag lasting up to 3 to 4 cycle causes wide range of customer’s sensitive equipment to be 
dropout. Ultimately, voltage sag creates economic losses along with wasting the resources [1]. It is necessary 
to boost promptly the load side voltage in the event of fault or switching of load in order to avoid 
disturbances and voltage sag situation. Out of various devices that may be used to mitigate power quality 
problem. Dynamic Voltage Restorer (DVR) is one which is used to phase out voltage sag and swell situation 
in distribution line. A power electronic DC to AC solid state switching converter used as series compensator 
that can be utilized to protect crucial loads from all supply side disturbances other than disturbances is called 
as “Dynamic Voltage Restorer (DVR)”[2]. 

The DVR can compensate for inductive drop in the line by inserting the voltage in quadrature with 
feeder current [3]. The DVR can also limit fault current by injecting leading voltage in quadrature with the 
fault current thereby increasing the effective fault impedance of the distribution feeder [4]. Now days, 
inverters are like a small mandatory electronic device which are extensively used due to its global function of 
transforming DC to AC [5]. Even though output voltage obtained is of having reduced harmonic level in case 
of VSI but if two switches on same phase leg turns ON, short circuit occurs this is the killer of inverter. 
Whenever DC link voltage falls below certain critical level, injection capability of DVR affects in case of 
VSI topology [6]. In case of CSI, at least one switch from upper leg and one switch from lower leg have to be 
turned ON to avoid an open circuit condition. In order to avoid an open circuit condition, overlapping time is 
provided for operation of switches which leads to distortion in output voltage and to correct it, there is the 
requirement of separate filter. Another alternative is Z source inverter which has an additional unique X 
shaped impedance network is connected at converter output side [7]. 

This paper proposes new inverter topology for DVR such as Embedded Z source inverter along with 
dual p-q control technique. The proposed control technique is able to detect voltage sag very well with faster 
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speed. The proposed inverter configuration is tested with hardware prototype. All disadvantages associated 
with conventional inverters are overcome in Embedded Z source inverter. 


2. EMBEDDED Z SOURCE INVERTER 

Most of the application has requirement of both buck and boost capability and for that purpose 
instead of using VSI or CSI, Z source inverter is viable solution. Presence of Z network in case of ZSI highly 
improves the reliability of inverter since additional one shoot-through condition is present which is no longer 
present in conventional VSI and CSI [8]. Because of cross-conduction or additional shoot through condition 
present, it is free from short circuit or open circuit problem in case of Z source inverter [9]. 
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Figure 1. Impedance (Z) source inverter 


Instead of using separate EC filtering in case of VSI, CSI or ZSI, new family of ZSI is incorporated 
which is Embedded Z source inverter (as shown in Figure 2). Basically EZ source inverter produce the same 
gain as the Z-source inverter but with smoother and smaller current/voltage maintained across the dc input 
source and within the impedance network [10]. For this purpose there is no any requirement of any additional 
passive filter and hence because of this total cost and complexity gets reduced. Embedded EZ-source inverter 
have the advantages of lower cost, can be applied to all ac-ac, dc-dc, acdc, dc-ac power conversion, has low 
current compared with the traditional source inverter, does not affect the Electromagnetic Interference noise, 
drawing a smoother current from the dc input sources [11]. 


Embedded Z-Source 
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3. PROPOSED p-q THEORY 

In this paper, dual p-q theory is implemented whieh gives series voltage eompensation [12]. The 
main assumption in ease of dual p-q theory is that eurrent and real and imaginary powers are known and 
voltage eomponent should be ealeulated. The phase voltages at the load terminal and the line eurrents are 
measured and transformed into ap the referenee frames [13]. The matrix representation of line voltage and 
line eurrent into a/S referenee frames is given by following equations as, 


ri 1 In 



rl 1 In 



( 1 ) 


( 2 ) 


Where and Up is the a/S representation of line voltage and Qand Cp is the a/S representation of line 
eurrent. From the and Up and Qand Cp the real and imaginary powers of the loads i.e. instantaneous 
power eomponents are ealeulated as: 



( 3 ) 


After that an undesirable power sourees and q^are seleeted. From these power portions of the load powers 
and line eurrents, the eompensating voltages are ealeulated and inserted “instantaneously” in the power 
system by series eompensator. [14] From the above equation, we ean determine value of U^ and Up in terms 
of Pc and q^. 



Where, Pc and qc are powers that are seleeted. With these oseillating powers, it is possible to ealeulate the 
instantaneous voltages that have to be injeeted by the DVR to eompensate for the load voltage by using 
above equation. 


4. IMPLEMENTATION OF VARIOUS INVERTER TOPOLOGIES: A CASE STUDY 

There are three eases for different inverter eonneeted to DVR. The results for eaeh ease are 
demonstrated along with its THD analysis. We ean eompare all three inverters on the basis of THD values 
obtained. 

4.1 Distribution line model with DVR based on voltage source inverter 

Detail simulations are performed on DVR test system using MATLAB SIMULINK [14]. A line of 
13 KV is step up to 115 KV for transmission purpose and then it is again step down by using distribution 
transformer having rating of 115KV /II KV. Here it is eonsidered that, there load suddenly imposed on 
system feeder B for the duration of 0.04 to 0.1 see. [15]. The transition time of eireuit breaker is 0.04 to 0.1 
i.e. during that period only load gets aeted upon line due to whieh voltage sag is experieneed by load feeder 
B. Basieally VSI is boost type of inverter whieh gives good output response for the operation of DVR. 
Following Figure 3 shows simulation result for operation of DVR based on voltage souree inverter. From the 
Figure 3, it is elear that during fault eondition or switehing eondition, DVR eorreets the voltage instantly. The 
THD analysis of DVR with VSI eomes out to be 15.09% for supply voltage and 2.70% for eurrent. 
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Figure 3. MATLAB simulation result of distribution line model with DVR based on voltage source inverter 


4.2 Distribution line model with DVR based on impedance z source inverter 

In case of ZSI is that as capacitor and inductor both are used in DC link, it acts as constant high 
impedance voltage source. Sometimes if misfiring of switches is allowed which is not permissible in VSI. 
Harmonic distortion is low with less power losses and hence efficiency of ZSI is more as compared with 
VSI/CSI. Diode D connected is usually needed for preventing reverse current flow. The value of inductor and 
capacitor for impedance part of ZSI is calculated as 25mH and 5 F. Following Figure 4 shows MATFAB 
Simulation result of voltage sag having DVR based on Z source inverter. The THD analysis of DVR with 
ZSI comes out to be 0.11% for supply voltage and 6.19% for current. 


Load side voltage 



Figure 4. MATFAB Simulation result of voltage sag having DVR based on Z source inverter 


4.3 Distribution line model with DVR based on embedded impedance z source inverter 

Following Figure 5 shows simulation of DVR based on EZ source inverter with dual p-q theory. 
Supply side voltage and current first gets converted to a/S reference frame by Clark’s transformation. From 
these values instantaneous active and reactive powers are calculated. As seen from simulation result, 
response time of DVR with EZ source inverter is fast as compared with VSI and ZSI. Also the requirement of 
filter reduces in case of EZ source inverter. Compare with ZSI, EZSI draws smoother current from input dc 
sources. Both buck-boost capabilities are obtained by using EZSI. Whenever load is imposed on the system, 
the control system calculates difference between pre-sag and during sag voltage and PWM pulses are given 
to EZSI. 
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Figure 5. Distribution line model with DVR based on Embedded Z souree inverter 


5. EXPERIMENTAL VALIDATION & RESULTS 

To verify the effeetiveness of proposed system of DVR based on Embedded Z souree inverter, 
prototype has been built based on proposed system whieh is as shown in Figure 5. The main supply is single 
phase, 50 Hz, 230 V whieh is step down to 1 lOV. The filter eapaeitor is 470F. To start up the test, first of all 
load of 25W, ImH induetor is eonneeted. Driver eireuit is operated with another step down transformer of 
rating 230/12V whieh is eonverted into pulsating DC by using bridge reetifier (WIO). The output from bridge 
reetifier is 12 V pulsating DC whieh is eonverted into +5V by using IC 7805 voltage regulator. The purpose 
of IC voltage regulator is to provide eonstant DC voltage of +5V to the PIC miero eontroller (PIC16F877A). 
Driver eireuit is used for isolation purpose. In order to trigger MOSFET, the voltage requirement is 20V. 
Henee the 12V AC from driver eireuit transformer is amplified by using two amplifiers CKIOO and 2N2222 
eonneeted baek to baek. The boosted voltage is then eonverted to DC by using diode IN4007 as a half wave 
reetifier. Single phase EZ souree inverter eonverts this DC voltage into AC for injeetion into system. 
Capaeitor of 100 miero farad and ImH induetor is used as filter in impedanee network of EZ souree inverter. 
Two 9V batteries are used as energy storage in ease of EZ souree inverter whieh aets as input to it. The 
voltage is injeeted through injeeted transformer of rating 12V. The rating of eaeh eomponent in hardware 
prototype is listed below in Table 1. 


Table 1. Main speeifieations of hardware implementation of EZ souree based DVR. 


Sr. No. 

Component 

Values 

1. 

2. 

Single phase transformer 
Driver circuit transformer 

230/110 V 

230/12 V 

3. 

Load 

25 W bulb as resistive load, ImH inductor 

4. 

Injection Transformer 

12 V 

100 [iF/25 V = for reduction of ripples from pulsating. 

5. 

Filter Capacitor 

10 /rF/25 V = for maintaining stability of the voltage at the 
load side. 

6. 

7. 

DC Storage Battery 

Filter Inductor 

1 )UF/ 0 V = for bypassing the high frequency disturbances 
Two Batterys of 9V 

1 mH 


The supply side voltage eomes out to be 98.9 V and there is drop aeross load whieh eomes out to be 
86.2V. The switeh is provided to eonneet DVR to the system. When DVR eonneets to the system and injeets 
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the voltage, bulb glows brightly. After compensation, load voltage is maintained at 93.4 V. Following Figure 
6(a), 6(b) and 6(c) shows actual hardware readings. 





(c) 


Figure 6. Hardware implementation of DVR based on EZ source inverter; (a) supply side voltage of DVR 
based on EZ source inverter, (b) load side voltage without DVR connected, (c) hardware result for load side 

voltage with DVR connected. 
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By considering the parameters of hardware prototype in MATLAB simulation, results obtained are 
as shown in Figure 7. 


REDUCTION IN LOAD SIDE VOLTAGE DUE TO SWITCHING OF LOAD 



Figure 7: MATLAB simulation result for single phase DVR based on Embedded Z source inverter 


In simulation the value of load resistance is calculated by considering 25 W bulb and 110 V AC 
supply which comes to be 484 ohm. From the single phase simulation and hardware prototype, it is to be seen 
that DVR is capable of mitigating voltage sag condition. The results are shown in Table 2 below. 


Table 2. Simulation result of software and hardware implementation of EZ source based DVR 


Sr. No. 

Component 

Simulation Results 

Hardware Results 

1. 

Supply side voltage 

102 V 

98.9 V 

2. 

Load side voltage before eonneetion of DVR 

95 V 

86.2 V 

3. 

Load side voltage after DVR connected 

100 V 

93.4 V 


6. THD ANALYSIS 

Following table 3 shows FFT analysis of DVR based on various inverter topologies. The total 
harmonie distortion (THD) of a signal is a measurement of the harmonie distortion present in any 
given signal. 

It has been observed that reduetion in voltage THD and eurrent THD in ease of Embedded E-Z 
souree inverter is of 99.47% and 85.56% respeetively eompared with VSI topology 27.27% and 93.7% 
eompared with ZSI topology. 


Table 3. THD analysis for simulations of DVR eonneeted with different inverter topologie 


Sr. No. 

Type of Inverter 

Voltage THD(%) 

Current THD(%) 

1. 

Voltage Source Inverter 

15.09% 

2.70 % 

2. 

Impedance Z Source Inverter 

0.11 % 

6.19% 

3. 

Embedded Impedance (EZ) Source Inverter 

0.08 % 

0.39 % 


7. CONCLUSION 

This paper presents one of the eustom power deviees, whieh is referred to as dynamie voltage 
restorer based on various inverter topologies sueh as VSI, ZSI and EZSI. In order to investigate whether the 
DVR is able to deal with voltage sag problem, Matlab Simulink was seleeted in order to simulate the system 
and mitigate the voltage sag. The THD analysis is earried out whieh shows that in ease of Embedded Z 
souree inverter, voltage THD eomes out to be 0.08% and eurrent THD eomes out to be 0.39% in the three 
phase simulation whieh is within speeified limit as per IEEE standard. Also along with EZ souree inverter 


Int J Pow Elee & Dri Syst, Vol. 10, No. 3, Sep 2019 : 1364 - 1372 


































































































Int J Pow Elec & Dri Syst 


ISSN: 2088-8694 


n 1371 


topology, problems associated with VSI, CSI are overcomed. Hence the DVR based on EZ source inverter 
gives fast dynamic response along with lower cost which can mitigate long duration voltage sag effectively in 
distribution network. 

The hardware prototype model shows that DVR is able to mitigate drop across load. The results of 
hardware and simulation are compared which comes out to be nearly same. These results also show clearly 
that DVR handles situation of voltage sag efficiently by correcting load side voltage rapidly. 
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